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ABSTRACT ; 



PROBLEM TO BE SOLVED: To provide an azimuth sensor for measuring 
the azimuth 

of geomagnetic line of force precisely while reducing the size. 

SOLUTION: An azimuth sensor comprises first and second magnetic 
impedance 

effect elements (hereinafter, referred to Ml element ) 2, 3 for 
detecting the X 

and Y axis components of the magnetic line of force due to an 
external field, 
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and windings 5, 6 for applying bias magnetization to the MI elements 
2 , 3 . The 

MI elements 2, 3 are arranged on a same plane 4 such that the AC 
current 

passages intersect perpendicularly. The MI elements 2, 3 are made of 
a soft 

magnetic alloy principally comprising a fine crystal phase having 
grain size of 

50 nm or less and an amorphous phase containing one or more than one 
kind of 

element selected from Fe, Co and Ni, one or more than one kind of 
element 

selected from Ti, Zr, Hf , V, Nb, Ta, Cr, Mo and W, and B. 
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klX. Fe, Co, N i(7)5*><7)lSi?t(±2StLh 

(07tm^^ 5 o n marcoum^^B 

C««3S2 ] IK&I 1 tEtt^aa-f y e-^yx^ 

99tr?li* Ti, Zr, Hf, V. Nb, Ta, Cr, 
Mo, W<0 3 1 a t fcti 2SW±W7C*i: , B££ 

msm ] mm i *fcii»#*2 ttesfco^ti-fe 

ffEJMBMWt: J: *«aj*ox(fc(Srifti<ojft4^>«iaj#S 

X'h%%2<m§M yv-yyxm&^k zmt h z 
mem. yv-yyxmzmt* *ti% 

tit 5 3 ma&A (cE«<o*ffi-b ytrca o t . 
* tuz wmztLZ j&Mftnwmzm ->xjurxm 

yvx'h->x. muwm&Mt. Tti^mx-mti 
h i>r>xhhzk t:ftmkt&lT&-tyv. 

(Fei-a-bCo.N ib) cB«My 
flU Mti, Ti, Zr, Hf, V, Nb, Ta, C 

r , m o . wo 3 *><o i a& fctt 2 wxisnimxh 

9, «j£Jt£Srf a, b, c, x, yli, O^a + bS 
0.1, 7 5M^%ScS9 3^%, 0. 51§Ff%S 
x£18flPPK, 4m^%^yS9JS^%T'&l>. 

7 3 nrsa 1 a tzimm 2 tia«^{s-fe 
hi><r>x'hhz.k*mLkth-x&-ty+r. 

(Fei- s -bCo a N ib) cB,MyX 2 
{SU Mti, Ti , Zr, Hf , V, Nb, Ta, C 

r , m o , wco 5 %<r> 1 mt fcii 2 meLt/was?* 

0, XJiS i , A 1 , Ge, Gat03*>cOia^!t<i2 
ffiJiLhOTC^-C'^Os HWUfcSr^ta, b, c, x, 
y, zti, OSa + bSO. 1, 75<I^%ScS93 
0. 5JK^%gxgl8JS^%, 4jf?%£y 
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[ IS^«8 ] MSB 1 1 tzitmm 2 KfEttOSfffi-fe 

s t) <nxh h z k mm t -r **ffl-t y*. 

(Fei-a-bCOaN ib) cBiMyTd 

flU M{±, Ti, Zr, Hf, V, Nb, Ta, C 
r , Mo, WP)ot><Dim$.ffl&2 m&±<7)fcmX'1b 
i), T{4, Cu, Ag, Au, Pd, PtmotyCDin 
*fctt2a£Lfctf>7C* , C* l 9, fflfigJtSrSta, b, 
c, x, y, dti, OSa + bSO. 1, 7 SHfffcS 
10 cS9 3«?%, 0. 5M^%Sxgl8igT%, 4JR 

[f»*« 9 ] mm i * fcttiwsa 2 
6 1 cor* set t -ts^fi-fe y-f. 

(Fei-a-bCo a N i b ) c BiMyTdXi 
flU Mfi, Ti, Zr, Hf, V, Nb, Ta, C 
r. Mo, W£7)^*>^l«t7tii:2aiJUbc7)7C^t'J) 
9, Tti, Cu, Ag, Au, Pd, Ptcoa*>C0ia 
*fctt2«J3Lt<O7aifC*0, X{iS i , A 1 , Ge, 

20 Gao3^ia*fctt2«i^^7are*o. asifc 

Sr^-^a, b, c, x, y, d, zti, 0^a + bg 
0.1, 7 5Si7%gcg9 3Jrf%. 0. 5Wf%^ 
x^l 81S^%, 4R^%^y^9<M^f%, dS4. 5 
fflff. zS4Jf^%T'2bS. 

[000 1] 

^^•fi^Ktii-rs^ia-by^cM-rstw-c'j) 1 ?, # 

[00023 

Wei *8tt«W*ffl t»rc* I. W, <»$ffl3 y^- 

bix&<m^tix^z. 

[0003] ±a«0*{i-b y-^cO+T t , 
mmmiKt 1 0-7-1 0-6Ggj«fcKV«DT', J£<fflV^ 

[0004] mmm-ky-fk ix , is^ffisi^ 

■T- (1XF, MRS^tB&f) tfflVVt*ffi4=y-9-tt. 2 
M RS^ y y «y c t J: 0 ?hS?lS^tc 

j:*Btt«^*ffltmai"f*t^-e, Etta*™*?* 
50 i) , /|NiHt$:0& z k mmx% %> . 
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[0005] 

rare* o. -K®.*>irtLxm%z'%^i:^ommtf 

[0006] *»«ttJ^I»K*Rfe**fc*>fcfrS 

»o, tif^m&izx&mjimnijiiLZtimzm&x'Z 

[0007] 

iwit»ifc-tsfe«xo#a] jjB<oBW*auftt*fc 

X. Fe, Co, Nitf5'5%01«*fctt2aeU:«7C 

Munefc t±* t , ssawasrEMirf ft t s tc-r y e 

Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, 
[0008] **^(?5*fi[-b y-Wi, jfeta««*fiH: 

«^wiffat»** i «>bww yv-y>x&m 
=?t. mmm&mz£mjim<7)Ymi;ft<?>f8.tt<7>tfi 
&mx'hz>%2cr)®sM yv-yyzm&Ftzm 30 

ye-*>**tfMJ?fc:li. **i-NU=Elttii3*ifta«[ 

wmmzt&z b frttft b t ft . 
[0009] *»fltf>:frffi-fe y^ra. jfefcBtootfffi-fe 40 

(Fei-a-bCoaN ib) cBiMy 
fit, MJi, Ti, Zr, Hf, V, Nb, Ta, C 
r. Mo, WCOot><VlU±tt*2mXk(07iMX'.b 
9. *§JftJt£^ta, b, c, x, yte, 0Sa+b£ 
0. 1, 7 5^%^ 0^9 3117%, 0. 5K7%^ 

£, **BB^i4-by^«, ftfcf yj"CS> 
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Hi i>cvx'h&z b zmibtz . 

(Fei-a-bCoaN ib) cBiMyXz 
fit, M(i, Ti, Zr, Hf, V, Nb, Ta, C 
r , M o , W<7) o %<F> 1 il^fcli 2«l2U:0»c*T& 
•9, XfiSi, Al, Ge, Ga<J5a*>OiatJtJi2 
8JaJb*>jc*"Cfc l J» fflj£Jt£^-fa, b, c, x, 
y, z(i, OSa + bSO. 1, 7 5Jf7%Sc ^9 3 
JS?%, 0. 5M^%^x^l8K^%, 4ffi7%2£y 
S9«^%, z^M^T'&ft. 

[00103 *»fl^)S , tt*y^tt, *fcE««W5rffi-fe 

( Fei- a -bCo a N i b) c BiMs-Td 
(IU M<i, Ti, Zr, Hf, V, Nb, Ta, C 
r, M o . W?) 3 *><D 1 8£ £li 2 m&±<7)7CmX'h 
0, T(i, Cu, Ag. Au, Pd, Ptc9d*>?)ia 
$.tM2Wtt±C07imX'$> 0 , fifigitSrS-r a , b , 
c, x, y, d(i, OSa + bSO. 1, 7 5K?%S 
cS9 3JS7%, 0. 51Fr-%£x£18flW*. 4M 
?%£yS9M?%s d£4. 5JE?T'$>ft. * 
f^^fi-by-ttt, 3ttlE«^fi-byifT*->T, 

OT-*>ftdfc£*fSti:-rfto 
(Fei-a-bCoaN ib) c BiMyTdXz 
fit. Mti, Ti. Zr. Hf, V, Nb, Ta, C 

r , Mo.w«3%»iti!tij2 mtntcoymx'h 

0, T«. Cu. Ag, Au, Pd, Pt<7)3*>OlS 
t^i2SliLh^7C«-ej> l 9, X(iS i , A 1 , Ge, 

Gaco?i?nin&fcte2mik<?>7imx'$>'o. mat 

$r^i"a. b, c, x, y, d, z(i, O^a + bS 
0. 1, 7 5M : r%^cg9 3H^%, 0. 5W.=f-%£ 
xgl8M^%. 4K : r%^yg9iS^%. d^4. 5 
S^. zg4E^%T'$>ft. 
[00 11] 

£#BBLTfKHW-ft. Hltfe^T, *{4-byD"lt 

«, i«iw*»xitfirrt«jR^)*aj^s'?* ft as i w 

BSm-f yf-ryx^s^ (JTF, m i^tB&-f) 
2i. x«*i6]tcfi«^Y«rtrifiic7)^ans#<7)^^ 

tU#ST-*>ftm2<0MI»^3i:*W^^-rv^. W. 

%a yv-yyxmm (mi tti. am>f y 

f-^yxS!)M (Magneto- Impedance Effect) IrW^ft 

BBR-f yf-ryxs;Si:{i. 

Epjirrftt. w^BWjWfcy^^aKojRaBitff-cfco 
T t> . 8tttt<oiTOfc*Hittr«M y t-^yxc j: ft 

+%c7)ffiffl-C'3g-(b-fft, -*-=5r*>*»-f y v-yy*m.i 
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[00 12] SSI, 2<OMI3ti t 2, 3(4, ?J&tt!M& 

fflt£±ttfcL, Fe> Co. NiOohCOimtfdi 
2ffll±ft7tXb. Ti, Zr, Hf. V, Nb, T 
a. Cr, Mo. WcO 3 ^CO 1 H&tlii 2 8l£U:07C3R 
k, Bfc 4>* 9. *co«2«(4¥E*g 

^<0&S8tt£&(4, 3£«m»iE$rE|J 
flirt* t *fc-f y t-^y^iW«Wff(c«»tT5lEft 
■*-*«JM yt-^y^a&HSr^-f. »i, 2cOMlfg 
72, 314, *it-mfc:WJDS*i438at«a[««aHi» 10 

BP*>, HI, 2cOMI»?2, 3(4, ^fl-Wl*)*** 

WICI4, SSL 20MI3FP2. 3(4, ¥ffi4Cffil;cO 
^KfcJoTBBJ&SfiTHi. Hi. 2cOMlf|?2, 

aw. wk'j#v) . 8i 

[0 0 1 3] SSI , 20MI&72, 3(C(4, SSI . 2 20 
com 1*^2, 3C6pjn^^.|.3ea«a^«3SSSc 7 )^r6i 

flP*>, SSI, 2cOMIf^2, 3c7)^*[{i] 

cSotav 7*^*ffl*rt-4fcft*>*ii 5 , 6 a** 

BStlTH*. £185, 6cOPf«<4, £*8«75a, 6 
S.SS1. 2«MlSH t 2. 3cO:ft#tfl*lcOM«2a. 

3ai:fi aj**aswoawTt«>«oaj*j»»7. s, 

9*HS«3*lT^*. *»7, 9(4, {lJ*«^7a. 9 
aSrtf-LT, SB*WI«IW67b. 9bfcS»S;h.TH 
S. gf|8<0MSl2, flU0MIS?2OJH(2 30 
atS?2OMI*^3<0Sg?3akfc^§ixTV^. 

g&8(4. iB**P8a^LT, t&WHfl** 
«8bte«tt&*va>*. HC. SSI . 2«DMI#^ 
2. 3commcO*#;frf6)cOWi82a. 3adl 0 

[ooi4] ±a<?x)5rffi-b y-f l w»fm&co>i o -c* 

01Kt5OT, SSI, 20MIS : ?2, 3£J4, 0 

4. SSI. 2cOMIig?2, 3COZtl?tl<?) 40 

Pffi2a. 3 a (11(4, ^ft.WMR^KBMNO'r yt- 

SUcOMI^2(cEPfln£;fxl>fc, SSlcOMI3g-?2cO 
PUBfcfMfe-fi-fve-^y.aii. .TcOi&fjigcOSSlcO 
M I iil? 2cO^:frft(C#LT¥fi&fi!t:# ( XHfdjr|6jcO 

^* { SS20MlS^3{cEPin$il^i:. SS2C0MIH 

^3cowst$e£-$-s4 ye-^y^tt, z<mh®.cr> 

SI 2 I %FF 3 cOJH^fitctt LTW&fifcft ( Y* 50 
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mc?>m) *>**$fc»j6U;fc*>i:$r*. BP*>, SS 
1, 2 COM I^P2, 3£*fLT. ttSflfcftfciSSfcfc 
WrtffiifiXteth k . £*ifc*tJ6l/CSI 1 . 2coM I 
m?2. 3W^yt-^yx*^t;L. SSI. 2COMI 
*F2. 3*»fe!B^S*l*«BEil*9MW-4if:fc:* 

£>. zcoxoizix. *a-feytitfcv^T«4. ttj^jffi 

f7a, 8aH, tmSWXfflffiVtiLftVJzZZiZ 
tB^«SJ{4. ««ai*»«7b. 8b. 9b^^LT0 

s. 

[0015] fif^MR£^H^ftif}J&K#0 . 1 
Oea*T*4*>te*fU BUM W-fyxWktt 
(MI#P) (4, 10" 5 OeHjgcoam£1$ 
aj-tiikJ&WTft*. Wfc, *3*W>»1, 2<OM 
1*^2, 3fc, 3/H?-yy«ill|»Sr^eeS«iia 
L-CiSt^c+M H z co$sSit»S£ EpflD Lfcif 
^(4, ##|g#*n O" 6 OeO»8Jr««SB#t 

*4. ftoT, HI. 20MIS^2. 3cO»«Sr^# 

*(6]co«$ ix m i «fli*o-f y t'-r>xz 

[0016] ^/c, ±3^L^4 a (C, *«w<o*{i*y 
-f 1 W4. SSI, 2*>MI3£F2. 3^^TX{a-(L& 
WJirt* 5 , 6 36Hli ^iiT v ^6 . 
fifififltl, 2C0MI^2, 3J4, 02AtC^-TJ:3 
fc. >^#HfD^4i^^|^ia8#cot6Wfflfc«c#L-C 

^SBfl:) 2r*t. SSI, 2cOMI^2, 3(^^TX 

BWt 4 1»®^8!C7)*|6I$:SS 1 COM I m-2 cO^*|6l 
K*tLT0~9 0" tzm&ik&k* SSI COM 1*^2 

8lc0^r|nlSr9 0~18 0- t^S-SSt, SSI COM I 

*?2*&<oto&mEayjw-*. <icok#, o- ti 

8 0' tcfc(tl»ai^l«ffico«ffil{4|5l-i:^0, amti 
^)*l*l*3Eilt3lfet4;4:**T**V\ SSI , 2cOM 

i«?2. 3fcyc-fr^affl:*aiaiLfc«^tii. 02 
cn^-f4 0 k, jMra»fc*«-*-f y t-^yx*^ 

4S€*IS^*|fi]$:0~18 0- t3gftUfc*6^-Ct>» 

m i awb<wi}W&mtimmrct> 0 . »Kans 

[00 17] Sll, 2<OMIS?2, 3fcWJirt*^*^ 

r^fiat-ft:co^#$(4, «e*firc-o. 1-2 oeco^H 
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X'bhZttfKi U\ /U rxmt<?)*.% 0 . 
1 O e trra L < (i 2 O e &±rtffl?\i . *MHB# 

L<«rV*. f^T. /<47X«l*B*rt-*fci&*MMI 

[0018181, 2*>MI**2, 3tffifctmm 

Fe, Co, N ifi0d^ia*Jt»i2aULh<O7C* 10 
fc, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo. 

[0019] mz. Tm&mxx'*2timm&i* 

(Fei-a-bC OaN ib ) cBxMy 

( Fei- a -bCo 0 N ib ) cBiM, Xi 

(Fei-a-bCOaNib) cBiMyTd 
(Fei-a-bCOaNib) cBxMyTdXz 

flU Mil Ti> Zr, Hf, V, Nb.Ta. C 20 

r, mo, w<no-tbcr)im&t:iz2na±.cD7mx'b 

9, Tli, Cu, Ag, Au, Pd, Pt<7)3*>cDia 
&tzl&2mtt±.CD7mX'$> t ) , XliS i , A 1 , Ge , 
G a tf> 3 fc«> 1 fcti 2 «JjJLh<07C«T* 0 , «U£Jt 
2:7Kf"a, b, c, x, y, d, z{2, O^a+b^ 
0.1, 7 5J!I^%Sc^9 3J!S^%, 0. 5II7%S 
xg 18117%, 4S^%^y^9M^%, dg4. 5 

[0020] zixbMj&>ma&&±ti;s *mm 

S50n mOT^^i^a^attWrlSfta* 1 h * & 30 

sna^ye-mjwssL. *i, 2<dmis 

72, 3tUfflT*5. 
[0021] *»3I<a«jR5Rfc*jVvC , ±j£fl-C*4 F 
etCotNill «tt£ffl 37HirC* 9 , SViftftS 

[0022] Ztlt><7)®&<r>mm£&l l Zii^XiZ. F 
efcCofcNic0»»O£It£^tc<7)il{i, 9 3« 

tim$>il%W?#tl<%\,\ c^7 5M^% 

sMTCtt, «SWSStm®JK ( Bs) 1 OkGfelt£ftSi 

fc a*?* -r, m i 1 4 jM*art-*8»*>r>f ts^ 

T, c*)*Si*7 SHIRKS c £9 3JK*%1:U:. £ 

^ Fe <r>~ma , asi^i^ofe«>cc o t l < a 

N it-a^LTi>J:<, #2 L<l4Fe<01 50 
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0%, s&fcffa^ttswFfc-r**)***^. 

fcWCCofcN i<9|flj£Jta, bli, O^a + bgO. 
105®ffltf#£b<, OSa + bSO. 05«0®ffl*U 

[0023] B«i, mua^mamfffizmb 

[0024] Zr, Hf, Nbli, a-Fe£*t 
JHHfct* ZbX\ Z r fc H f 2 fcttN b £ jMgRUCffl 
£HffiLT-*l&fHfcU tSbWfiAffii: tT«faj$-fr4 

-Fe36»A>»aSil6Zr, Hf, Nb«aM7C*£S 
9*4 - k t*ffl»H*ttt*ftS*4 F e - M^fc^j 
0^£W§W-*fc#££*l4. <k->T, Fe-Zr 

( H f , N b ) B fcsatti i k =5: 

[00 25] BO&fttjMrvrrxjP. 0. 5M^%*>1 

B-M**Jj:l^Fe-B»C*J^T, **ikto?>£&fflft 

izBK>mu&zmwiztiztx\ mmtim^ B ^ 

<rW£i&&ftLm 5 0 n mWFICfmtl Z t tfX'% 

h. 

[0026] ttz. ft&mm*t<i-&tzMzte. 
n^Mm^.m^>mzn^z r , Hf, wowftifr* 

$tsZtt>Wtl<, Zr, Hf , Nbcr>-mmc04 
A~6A^7cSc03*>, Ti, V, Ta, Cr, Mo, 
YfWiilfrbW»tlZkifC*l. tti. Zr, H 

f , Nb^3*>, h f m^z^m^jtmx'hhtinb. 

flCR3Xh&#*t&4:, Zr, Nb<0^r*l*»fc*t» 
ft;aT-J>0, 7c*Mc7)«{i, «fflfeB H B^^^S^ 

[0027] 7cfgM<D»fi£Scf y#4H?%*iST 

ttfcLXMmm&Mt>tl&\ Fe-Hf-BI 
^A<0*^. H f = SW^XT^lWSfttt®! 1 3 n 
mT*S«Ot*tLTH f = 3m-%X'\i3 9 nmtm± 
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*<BIfc=5rft. 

[0028] 4<T'i>Nb. Cr, Mo. W{i, litttf) 
JMWc^SSibjr^ ft i k *< 

?*wv. wm&m^kK'o . mi 

W&t&Zk#TZS>. 

[0029] Si. Al, Ge, Gac7)0*>C91 

9. F eZ±j&,#k1-&tobfctjH l V#£.®m-t&. Z 

ixh<7)jm<r>^&ffiAW. : f-%^mthkmMi)^ < 
I o o 3 o ] t fc. TcSxwi. KiKtt^^m^fiiS 

£±#£i2\ MJfiT?*SMJ* ! . A l 

$ ft. fifoTS i , Al. Ge, GaCOd 

*>, A l , G e . Ga.\mMLt&mfiWZ±%<. A 
l . Ge, GaOJWHK0D(>L«iA l tGe, A l fc 
Ga, GetGa, A l kGe kGa^^'Mnkth 

zk#£<omL\>\ 

[003 1]SK. Cu. Ag, Au. Pd. PtfOl 
mt fcli 2 ffiKLh^TC^T £4.5 llFf %J2lT*tf 
ftfc. Kfi^#1t* J 3X#S^I». Cu**)J:3fc, Fe 

F e U «y 1 . « - F e Ol&fejfc® 

sa^tt&AftftK**«tti^« ct a t* ft . i ft 

ft. #ft»0^ft^TUfc£fcWBB*- 
fti#*.f>ftft. ffl^JS^rSrffo^^ffi^B 3 ^ 
tft«£, aMWKISfiftL^H-vMaB^^BrC*^- 

n^timm<wifflm&&&.mk%z> 

ftT&ft. 

[ 0 0 3 2 ] ft. in<5»07aR£WCtH*ttti»#f 
SfcibtC. Ru. Rh. Pd. Os. I r. Pt&ifcD 
e&R^£^Dtft.Ii:iTiT8rC£>ft. £ft4>07c3t 
ti. 5/I?%<l:>9i>£<&iiirffti:, ffiaWM®&0% 
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1 0 

WL<4Jfc», ^nfitt5If?%WTi:f-ft^ 
*<*>ft. 

[0033] ttfc. iBRfcjCtTY. La, C 
e. Pr. Nd. Pm. Sm. Eu, Gd. Tb, D 
y. Ho. Er. Tm. Yb. Lu. Zn. Cd. I 
n. Sn. Pb. As. Sb. Bi. Se. Te. L 
i. Be, Mg. Ca. Sr. B a^C97C^£gsflirtft 
Z k TtteMte&OBSSHB? %>ZktX'£&. 

[0034] -eoffi, ±GiSl£»^CeBtt^(C«^ 

io t, h, n, o, sm^^m^msiz^xitmm 
com:tf%iti%^nmzttix^xi>*mx'm^ 

tfo"Cj>ft. 

[ 0 0 3 5 ] _tj£tf>lfS 1 , 2<9MI*^2, 3te, AH*, 
if, IJEwffljStsflri J: d fcffliBSrfi&Lfc^Afcr- 

U #&fC£±frfc^ftfc<D£f#£f£T\ i^M^ 

Of^UI£SSLTtSttS>ftUiSf#i: LTffftC: i:* 5 ? 

tt<04WHBara*fcU ?UMtffii:¥**tihlfc&&5 0 

1. 2£>MI*P2. 3jW#«i4. 

[0036] mmzi. <wtmmm5 o nmjaT*> 

gft-fft t . fcftiBJKJJLhTT^Bieg* 5 5 0 n mlTF 

30 wi-sFe^tsuBgaiffl^ffaj-rftiaeji, nt&mm 

fc<k!»tf4 8 0~5 5 0'Cg£T'£.S. £tzZ0)Fe(Q 

mm£mm&-t$>&££ *) dt^itttt. f e3 

B. *6V^±^(CZr***4*l4«^WiFe3Zr 

7 4 0-8 lO^SK-C**. Ltzifi^X. *5WHfcts 
^T, ^®^»^S:f5»!ffl-tft|g<0«^iaS(i4 

8 0-C-8 1 CCcOfiffflT, ^C>±^WitS:*-rftFe 

40 ^ftffl^ffffi L^^^^J: 3 (=, ■£rk<nigmz& txm L 

[0037] ±u<Dmtmi§&£ x-ftj&th k % <mu 
mm±. 2o-2oo , c/*<?)M*>mL<. 40- 

2 0 or/tfcoffifflfc-f &<0#J: o»t lv^. 

tuw. mmmvtetiik, 2 0 o-c/^ss^±is 

k§#ift. 

[0038]^, f^&mm*±KMmae.iiz 
mtmm. o^6o#®k-rzz\ktfxz. 
50 <7)fflLiz*r>x&oft. -r%h*>ftw l m.*>izmfciiit 
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1 1 

*W<<r&<0Tjff4L<*^. 4fc. IffcCufcitf S 
i . mzs i ***&ir^Hjito«£fc:li, 1 

fia«Narc»ifc m i «■ c t & . c <t 

(4. S i £«8Dl,fc*afcUL FeCSi tagMZfflil 

[0039] tffc. #«W3£*lljStt£fliVvCM I * 10 
W»*fti8tf Rtf-ttlttHM - 3 2 3 3 5 

(4S*W«4. frie^^ffifiEftSr^aiL, »R!|ti»}fr 

[004 0] dc7)^*>iSSffi{i s W»*H3K*tJ:d 

73 6(c4:92iiffiL. ^»8S3 7tJ:0j5r^aat?fe 
»Ufc«. ftttJDffi? ^ 7 3 0 |c J: 9Bfg<0ffiftKtmE 

^3 1 fcJ: 0BBe«SBTC«m8*TWt3 8*#A 
I. £^«^3 8(4#»fcg»3 5fcffl8iS-£&. - 
#. 1l!r&Ub£&fl&ft4 2(i. ftffi>F4 1-CJ8KU 
jgM^«aiiia 3 2 (38 0 . T/UdVtfxeeJ: 9 £ 

£-&»S3 9(4. tta«WfeflJ»fltfaj>'XA'3 lfr&Wti 

sn>t?aai«oisa[3 8tj:orsa[fc:^iHfl:s<t, 30 

MI»««33t=SrS. »WlfcM I *?*B3 3 

(4. 4i«K0tl34(cJ:oT«ftKA>ii&. 
[004 1] ftC&fi, 04 (C*t<k P (C. fflCBO^A 

9s*ai. £^&»iF4 5T«^ai-r^. coia. 
mcaLK(ci3ie t tfc < . &t vchspm l frHmsmft 

m 5 0 *6HC H y A 4 6 Ortfl(c£tt L . *&& t J: 
9JMJiMl4 8*»JiW-4. <MC*y#5 4*)jfe«/X 
^5 2 £T&LT&iJ]i6t«4 80ftffi(;:J£iS$-£S fcft 40 
fc*y*5 4rt£inEEU ?Simft4 4^^ai^«4 

8^aEffltiaj*»oTiftaj§*s. )U'y#54K>\*imz 

(4. HflOiMk*l»<%fe. &;i-f*iStt#x£i£A 

T*il!3*lfc££li»«fflfc3*iM I i&7l8tt5 3 1 flr 
0. «SJ*rtIi:lilCH5A4 6»EHEfrrtl*}J:t«l^ 
9H«l»14 8tf>+*ilfc*, EB6K9A4 6 
«)rt«Hcffl-5TJ|[»C«*«a4>*l*. tt*»Tttfc«5 
0«Jft«tJWWMi4 8i|»fc»AU. JMP«*SflilKH 
■T*. 0<6F5A4 6£fM:U EMEK9A4 50 
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1 2 

6 cofimzmm utM i stor 5 3 * n 9 aw-. 

[0042] 4fc. *n-A'tJB^fe3K«fitt, 05(c 
Srfidt. |IKL?»*liratviUJM&£*>*ll 
O±(Cfl04i&yXfl'6 1 ct 9&M&JS6 2 £ 

D-;l/6 0±.t,Z®.&Z-£X&%ilXWW6 3 £ t 

tfx-th. 5i«6 3(4, m i xwmm&z mm. 
^izmixmrntx^^ 

[0043] JhxSOtfli-fe l fcf||£ fcftfclHKtt^ 
I 2 . 3(4. 5 0 n mHT^WMt 

a<0»l. 2cOMIfg72. 3^«Bit-ri»KlKtt^ 
(4. Fe, Co. N i c05*.<0ia4^(428tUi«07C 
^t. Ti, Zr, Hf. V. Nb. Ta. Cr. M 

*t«om i »?»a«(ctt« £ fc a*?* 

i, Zr. Hf. V. Nb. Ta. Cr. Mo. W<Do 
%<r> 1 St £(4 2 «a±tf>7E***two?. ffl«4>(c# 

mft*®%\,zmf8LZ*z>zbtfX'*h. set. 

»1. 2WMI5I7-2. 3(4. *m^!&SKd<ft 
V^T'. All, 2^MI^72, 3<7)A§?5r/h§<-f 

[0044] ±^^{4-b yiM (4. JM^OXtt* 

fomm&#<Dm<?)®m®.x'b&m2(OM 1 m?3 
tzffit. mi. 2<7)Mijjt?2. 3(4. -en-p^cep 

¥BS4rt(cEBS*i. HI, 20M 1^7-2. 3(cEp«D 

*««5. 6 **&E $ il/i t <nx-h h <OT. ifi^WCk 

[0045] 4fc. ±^S1. 2C0MIST-2. 3 
(4. j«IW#3& t -2 Oe-+2 Oeg£cD»HK#<7) 

x\ v*t i mmtmzx iwiwounamn 
mzx>)i%<~rhzktfx'$z>. ttz. nm.R<?)-H 

«fS#(3^ 0 . *(5i-fe ytr 1 <7)$Sji3 x h £T(f £ £ i: 

tfx-Zh. sc. mi. 2omiS72. stcepsirti. 

>N*>f 7xafl3tt**?<» 2 O e g^i: /JnS < TSrtf^ 
T. ^*-f TZMlt£(flM-t&t:tb<7)\s\S&®i&Z&mz? 
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[0046] 

immm] vmz^mcommmim-^ *mitfz 

( m i m^oWfe ) GTTOft l cnm&t %l J: o izwi® 

rmi j 
ti^No. 
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1 4 

* y h£/wxmzMix&m%mmi>mz£ vrnmi. 
%Z3immizm&ixmmcoMim?t 

[0047] 



) 

0 
0 



1 

2 



3 
4 
5 
6 
7 
8 
9 
1 0 
1 1 
1 2 
1 3 
14 

1 

2 

3 

4 

5 

6 

7 

8 

9 
1 0 
1 1 
1 2 
1 3 
14 



fflfiS 

F e84 Z r3. 5 Nb3.5 BsC ui 
Fe84Z r3.5Nb3.sB8Cui 

F e8b. 6Z T3. 3 Nb3. 3 B6. 6 CU1 
F e85. 6Z T3. 3 Nb3. 3 B6. 6 CU1 

F es4Nb7B9 
Fe84Nb?B9 
Fe84Nb7B9 
Fe84Nb7B9 
F e9oNb7B3 
Fe9oNb7B3 

( F eo.985C OO. 015 ) 90 Nb? B3 
( F eo.985C OO. 015 ) 90 Nb7 B3 

F e73. 5 S ii3. 5BgNb3Cui 
Fe73.5S ii3.5B9Nb3Cui 



Bs (T) 
1.53 
1.53 



A s 

0. 

0. 
-0. 
-0. 

0. 

0. 



(XI 0" 6 ) 
.3 

3 

3 
.3 
, 3 
.3 



0.0 
0.0 
1.0 
1.0 
0.0 
0.0 
2.0 
2.0 



1 mm 
0. 3mm 

1 mm 
0. 3mm 

1 mm 
0. 3mm 

1 mm 
0. 3mm 

1 mm 
0. 3mm 

1 mm 
0. 3mm 

1 mm 
0. 3mm 



1 
1 
1 
1 
1 
1 
1 
1 

1 . 
1. 
1 . 
1. 

40 

40 

40 

40 
180 
180 
180 
180 
180 
180 
180 
180 

40 

40 



57 
57 
52 
52 
52 
52 
70 
70 
70 
70 
20 
20 



8t 

CC) 
680 
680 
680 
680 
650 
650 
750 
750 
600 
600 
650 
6 50 
550 
5 50 



( 1 kHz 
10000 
10000 

150000 
150000 
40000 
40000 
40000 
40000 
30000 
30000 
30000 
30000 
100000 
100000 

o 

0 

0 

0 

5 

5 

1 

1 

5 

5 

5 

5 
60 
60 



[0048] (mi mmmfe) mmmcoM i 

6 izvktMRtfi%i®mzftx u 4 o o k h z ?)£ssm 

Ett&DU *hamftHex (Oe) tmLlfc&JlWK (m 

v) tcommrn-yhUz. fl-assa#Hexii, o o 

eri>£>X?-hU 5 Oe, 0 Oe, -5 Oe, 0 

oe tmfrmz&gi Kitz-tt:. mmmn 1 omz 

[0 04 9] l!6K^K#fc»8«i, 7ay?A, 



(Hex) mm £vm^&ji®?t>& . m i st? 
(Mi) imm&Rmm ( b ) tnxzux^z. « 
/namis® (a) (i, &mw8mm$izmiL?\-m.ft 
mm (b ) izms^b-rz#>n®® l X'h'>x*<F>-}mt 
mzmfcZh*^. zzxu-wtix, 

itz(Dmiz®$gmzmmuzMm%.m (am) . mm 
mm (fm) . f/ntmam <pm> zwfxm 

s-tt-s z b t T'# h . *M#&»g|5 ( B ) 

liMitf (Mi ) timmkfrt,**) . isjgscmis 
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» ( A ) *»fcttteSftfcfifl»S3«aw:J: *)&®m 
b SflfcM I StH^WMMWI 1 (Hex) {CiSJEBLTI^ 

¥frh0>ttitiW£ (mV) 

[OO5O3 07~013<fc>), SBtWOM I 
-2 Oe~+2 OeSftOflffiBIMIW^V^TKaS 
!TCfiJIP5rJ£*tt**U Wfc. No. 5~8, 13, 

i4«WHK:*JV^Ttt. t^f y^t»ffl^-?**it 10 
*»^> , Wut M I JFpcfcS d t . mz. V jti 

ymtftf) 1 mmCr>mfMZitKX >J tfVUtf 0 . 3 mm<0 

* i- * jWftff Cifi v TOBJ&R * * t T v > h tztbX'h h . 

^•WlOiS^tCtJ^T t> S i fc£*SrV>3R ( F e 
ZrNbBCul, FeNbBl. FeZrBl, Fe 
CoZrBS) fcfe^TlilWl««»** t 1.5~1.7 
OTOflbTJtfcfciKU 30 00 0-1 000 00<7)jg 

ftfc*tLTS i S-SrtfjR (FeS i BNbCu^) fcfc 20 
Vvtig&ft^^gJfgflgUiW), 1 0000 0O 
i8B»*^&*ufc. S i **4ifirV^tCfe^Ttt 
JJMMWfefrfc l/C«J*«B* 0~-5ftb'J?%< LTfc* 
fffcKSWWttaWWifctfv S i **t»*e*JHTtt 

[ 0 0 5 1 3 ^Oct o it IX . tHUBKfffttf** < . 

«rf»* £ t iffimt & 0 . i 0)ilRm&&i>>fi>%h M I 

B^.co^ai^'Brtg t =5r o . *fiHtte«««*j:oaf<"e 30 

[00 5 2] Z<7)&0%im&-&&frt>%&M 1 

a t-c iWBBai^^isi t we-r 4 fc*>*>niH*js* us* 
**>BMfc*>wtfitf j w>t, rxaMfctffljn^i 

[0053] ttc. 014(Cj3V>T. Kf-lNo. 5<9M 40 
I*-?(i, t^OFeTsS iisBncQffljSOMI^J: 

^ZbtfhfrZ. HK. SKNo. 5C0MI*TO. ft 
lSa#<0«fflrt (-2 Oe~+2 Oe) "CHaWD (F 
eo.06C 00.94 ) 72.5 S i 12. i B15 <0MOM IS? 

.tot ajflttE^s: *>±# 0 4 

[00543 

CLh, SflfcWJHLfcJSfc. *»>W0 50 
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1 6 

Fe, Co, Hi<7)?t><7)im£fzit2 
Hi? (MI Hi?) £*8i.Tfc9, £*>MI*?tt. I»S 

flUS-r4«t»tt^tt. Fe, Co, Ni<03*>018 
^Jt<i28JiLh«07C«i:, Ti , Zr, Hf, V, N 
b, Ta, Cr, Mo, Wc7)d*>c0ia^^«i2aULh 

<r)7mb. Btz*t}i>co?b*)s juittcwi. sff 

i o o 5 5 1 *wn<?>ijQ.*yim. mmo 
xmfa^mnmb^mhz $ 1 i , y 

tj&^T^M rx«fl:*efflirt-4*iB!6**iiiS*i*fco 
tw«om*»j3 

[113 *^Hgc7)||t(i^«t-* 4 ^rte-fe y-t * jj**- 

[H2 3 *JMB^^O»»T"»4MI* ; F<0J1«« 

<?>mwtb&xm&b<mm^-$y77X'h o . b 

T0-18 0- <^J^T^S*fct*OJ1«a»i:aj 

jimEb^mi&z^i-T'yyx'h*). amimw* 
4 Txaufctwrc b b nmzc?>m8t#<oW}®<oi3 

[H3 3 *l6»Mflt>t(0M I 

*-figia-e£>i>. 

[04 3 *5fflO*fit^M I m?<7)&cr>-M& 

[05 3 «»»Wrtt* V**> M I S?<0fl!!O-*}ig 

[06 3 *^Bfl^M I »7«rfflv^:B9ltMD[iiB^ 
-tmS&0T'S>4. 

[07 3 JBWCII&flfcNo.l. 2Osmc0ffilf 
!gJEtt5:^-r0t-J>4. 

[08 3 ISSiWT1#^iX^No.3, 4C0SCHOIK* 
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[09] mmmx"i%t>tifcNo.5. 6<?mw)®.ft 

[010] m&mXHbtltzN o . 7 . 
3i@J£tt$:*;-t0T-&l>. 

[011] HJSWTH&itfcN o . 9 . 1 OOHfkO 

[012] mmmx"&c>tiKK o . 1 1 . i 2«wb 

[013] HftWCf*&*l.fcNo.l3. 14*>ISB 10 
[014] MUNo. 5OMIjR7&tfK*0>MlS 
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1 8 

l 

2 SSI^MIS^ 

3 JS2?)MIgt^ 

4 ¥ffi 

5 A-f Txmt* fronts t&x»m 
7 ffiAsm 

9 tuft** 



[0i] 



[02] 




[04] 




[05] 





> 
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« 600 
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— i — i — i — t — i i 

-2 0 2 4 6 
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600 
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Fcsi© Zf3J Nb3 J B6.8CUI 
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[09] 

Few Nb?B9 
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2000 



> 1500 
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WRH* 11-19 4 15 8 
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[012] 

(Feasts Coo.oi3>9o Zn B3 
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